Modulation of neutrophil migration by exogenous gaseous nitric oxide.
We studied the effect of exogenous nitric oxide (NO) on migration of rabbit peritoneal neutrophils. Exogenous NO enhanced random migration of neutrophils in a concentration-dependent way. An optimally stimulatory effect was observed with 0.5 microM NO, whereas at higher NO concentrations the enhancing effect decreased again. NO caused a rapid and transient increase in intracellular guanosine-3',5'-cyclic monophosphate (cGMP) levels. The enhancing effect of NO on random migration was largely reversed by the inhibitors of cGMP accumulation, LY-83583 and methylene blue, and by the antagonists of cGMP-dependent protein kinase, 8-bromoguanosine-3',5'-cyclic monophosphorothioate, Rp-isomer (Rp-8-Br-cGMPS) and 8-(4-chlorophenylthio)-guanosine-3',5'-cyclic monophosphorothioate (Rp-8-pCPT-cGMPS). These observations strongly suggest that the enhancement of random migration by NO is mediated by cGMP and cGMP-dependent protein kinase. The effect of NO on migration did not occur in the absence of extracellular calcium. Although NO did not induce a measurable elevation of intracellular free calcium, pre-incubation with the intracellular calcium chelator Fura-2/AM abolished the enhancing effect of NO. It appears therefore that a small change in the level of cytoplasmic free calcium does play a role in the enhancement of random migration by NO. High concentrations of NO were found to inhibit chemotaxis induced by an optimal concentration of the chemotactic peptide N-formyl-methionyl-leucyl-phenylalanine (fMLP). This inhibitory effect was also dependent on the presence of extracellular calcium. A role for cGMP in the inhibition of fMLP-induced chemotaxis by NO is not supported by our measurements of intracellular cGMP levels. In contrast to the effects on fMLP, NO did not affect chemotaxis induced by the phorbol ester PMA. In conclusion, we show that NO, not derived from NO donors but applied directly, may stimulate or inhibit neutrophil migration, dependent on the concentration. The enhancing effect of NO on random migration is mediated by cGMP, which emphasizes the importance of this second messenger as a modulator of neutrophil functional.